X-Ray Data Booklet

Section 1.7 ATOMIC SCATTERING FACTORS

Eric M. Gullikson

The optica properties of materials in the photon energy range above about 30 €V can be described
by the atomic scattering factors. The index of refraction of amaterid is related to the scattering
factors of theindividud atoms by
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wherer, isthe classca dectron radius, | isthe wavelength, and nj isthe number of atoms of
typei per unit volume. The parametersd and b are called the refractive index decrement and

the absorption index, respectively. The complex atomic scattering factor for the forward scattering
directionis

f(Q) = f +ify . 2
The imaginary part is derived from the atomic photoabsorption cross section:
o
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Thered part of the atomic scattering factor isreated to the imaginary part by the Kramers-Kronig
dispersion relation:
1 €204()

f=Z*%+
1 wehe Jy E2 —¢€2

de . 4)

In the high-photon-energy limit, f; approaches Z*, which differs from the atomic number Z by asmal rdativistic
correction:

7 =7 -(21825)231 | (5)

On the following pages, Fig. 1-6 presents the scattering factors for 15 dementsin their natura
forms. Complete tables are given in B. L. Henke, E. M. Gullikson, and J. C. Davis, “X-Ray Interactions.
Photoabsorption, Scattering, Transmission, and Reflection at E = 50-30,000 eV, Z = 1-92," At. Data
Nucl. Data Tables 54, 181 (1993).
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Fig. 1-6. Plots of scattering factors for several elements in their natural forms.
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Fig. 1-6. Carbon and Nitrogen scattering factors.
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Fig. 1-6. Oxygen and Aluminium scattering factors.
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Fig. 1-6. Silicon and Chlorine scattering factors.
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Fig. 1-6. Fe and Ni Scattering factors.
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Fig. 1-6. Copper and Molybdenum scattering factors.
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Fig. 1-6. Ruthenium and Tungsten scattering factors.
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Fig. 1-6. Gold scattering factors.



